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Abstract 
In order to provide detailed references for the design of vaneless inertial particle separator, some multivariant 
performance is studied in this paper. Taking a certain inertial particle separator as the prototype and using the 
validated compute method, some performance is measured by numerical simulation on reducing the height of inner 
wall, changing the height of flow channel, changing inlet size and changing the inlet velocity of sand. The results 
show that lower inner wall or lower flow path decreases the separation efficiency and increases the total pressure 
recovery; performance of models with lower inner wall is better than ones with lower flow path; rough sands are 
more sensitive than fine ones when flow path changing; inlet size change only has a great impact on the inlet flow 
rate; inlet velocity of sand increase would make the separation efficiency largely slump. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of  ICAE2011. 
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1. Introduction
Inertial particle separator (IPS) is the device installed in front of helicopter engines, which has two
bifurcation paths called clear stream path and main stream path respectively. This channel surface is 
designed so cleverly that foreign objects contained in air would be discharged outside the machine by the 
clear stream path for its inertia and the collision with each other. The researchers in abroad began IPS 
design and related work in the 1970s [1-4], so their experiments and numerical simulation studies have 
been developed deeply. Researches in this regard in China were started late: Hou Lingyun carried out 
numerical calculations of IPS earlier on [5]; Wu Henggang compared two separators with different 
surface and analysed [6]; Ye Jing initially established the design method of flow path of IPS based on the 
two-phase flow CFD analysis [7]; Li Liguo and Wang Suofang wrote a book to introduction the inlet 
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protection of engine for helicopter [8]. While there is little detailed study for different design elements on 
the IPS performance, there are certain blank on different parameters design of IPS. In this paper we take a 
certain IPS as the prototype, and validate the compute method, finally get some multivariant performance 
measured by numerical simulation on reducing the height of inner wall, changing the height of flow 
channel, changing inlet size and changing the inlet velocity of sand. 
2. Numerical model and method 
2.1. Mesh generation 
To study the internal flow field of IPS, this paper firstly simulates two-dimensional structure of the IPS 
as shown in Fig. 1. The entire flow field was meshed with quadrilateral structured grid, which was 
encrypted in front of the shunt. The model grid is shown in Fig. 2. 
 
              
Fig. 1. Axis cross-sectional shapes of IPS                                                 Fig. 2. Model grid of IPS 
2.2. The main performance parameters 
Performance parameters of IPS mainly refer to total pressure loss and separation efficiency. 
a) Total pressure loss determined by the formula: 
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Where: P01 - the total pressure of IPS import, Pa;  
P02 - the total pressure of IPS main stream exit, Pa. 
b) There are two kinds of separation efficiency: quality separation efficiency and concentration 
separation efficiency. Quality separation efficiency is frequently-used by the formula: 
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           Where: WP0 - quality of sand contained in the air flow into IPS per unit time, kg; 
WP1 - quality of sand contained in the air flow into the compressor per unit time, kg; 
WP2 – quality of sand excluded from the clear stream per unit time, kg. 
c) The conversion of quality separation efficiency( Wη ) and concentration separation efficiency( Cη ) 
is as follows:
(1 )C W W SCRη η η= − −                                                                                                                (3) 
Where: SCR-removal ratio. It is calculated as: 
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Where: Wa1 - the main stream flow rate, kg / s; 
Wa2 - clear streams flow rate, kg / s. 
3. Validation of calculation method 
To verify the feasibility of numerical simulation programs, this paper selects reference [6] for 
comparative study. The literature compared the calculation with experimental results, so it has good 
reliability and reference value. 
AC-fine (average particle size of 8μm) and AC-coarse (average particle size of 30μm) are both 
internationally used as standard test sand. This paper simulates the AC-coarse in the surface 1 under 
different inlet conditions (inlet velocities of 20m/s, 25m/s, 30m/s, 35m/s and 40m/s), to get the separation 
efficiency and pressure loss results. Fig. 3 reveals separation efficiency for different inlet velocity, and 
Fig. 4 reveals total pressure loss for different inlet speed. The four curves on the two graphs represent the 
experimental results of references, the references results, the results set speed import / export flow for its 
boundary conditions and the results set pressure import / pressure export for its boundary conditions.  
  
Fig. 3. Separation efficiency comparison chart;                                    Fig. 4. Total pressure loss comparison chart 
 
From Fig. 3 we can obtain that the average differences of the experiment, the literature, method v, and 
method p are 0.72%, 0.9%, 3.2%, and from Fig. 4 we can obtain the average differences of the 
experiment, the literature, method v, and method p are 1.04%, 0.82%, 0.86%. Therefore, method v is 
closest to the experimental results with minimum relative error, so we select method v to be the numerical 
simulation method. 
4. Results and analysis 
4.1. The IPS properties with inner wall height reducing 
Results of models with reducing inner wall height are shown in Table 1, in which IPSXX reduces the 
highest point of the inner wall for XXmm based on IPS0 . 
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Table 1. Results of models with reducing inner wall 
AC-fine  AC-coarse  Models 
(%) separation efficiency  total pressure recovery separation efficiency total pressure recovery 
IPS0 90.4 95.0 91.1 95.3 
IPS10 89.7 96.7 90.8 96.6 
IPS20 88.9 97.4 88.7 97.4 
IPS30 88.5 98.0 86.2 98.0 
IPS35 86.7 98.2 78.7 98.1 
IPS40 82.1 98.6 78.3 98.6 
 
Table 1 shows that with the highest point of the inner wall falling, the separation efficiency decreases 
and the total pressure recovery gradually increased. That’s because the surface becomes wider, the flow 
path changes easer, the centrifugal decreases, so the separation efficiency results from the path-bending 
decreases, while friction and collisions between particles and the wall reduces, the energy losses reduces 
relatively, so total pressure rises. Besides, what can be noted from Table 1 is that before IPS10 the 
separation efficiency of AC-fine is lower than separation efficiency of AC-coarse, while after In IPS20 
the separation efficiency of AC-fine is higher. That’s because larger sand’s trajectory is more determined 
by its own inertia.  
4.2. The IPS properties with the path height changing 
Maintaining the channel width the same, the results changing the same amount of inner and outer walls 
are shown in Table 2, in which rise10 raises the path height for10mm based on IPS0, and fallXX means 
reduced the path height for XXmm based on IPS0. 
Table 2. Results of models with changing path height 
AC-fine  AC-coarse  Models 
(%) separation efficiency  total pressure recovery separation efficiency  total pressure recovery 
rise10 94.7 94.5 94.8 94.5 
IPS0 90.4 95.0 91.1 95.3 
fall10 88.0 95.3 86.2 95.3 
fall20 86.2 95.7 84.0 95.7 
fall30 84.9 96.6 79.4 96.5 
fall35 83.2 96.7 79.1 96.7 
fall40 79.9 97.1 77.3 97.1 
 
Table 2 shows that with the path height falling, the separation efficiency decreases and the total 
pressure recovery increases. That’s because the flow path changes easer, the centrifugal decreases, and 
the friction and collisions between particles and the wall reduces. Additionally, when the sand is small, its 
trajectory determined mainly by the air force, and the larger sand’s trajectory is more determined by its 
own inertia. So the separation efficiency difference between the two kinds of sand increases in Table 2. 
Fig. 5 can be drawn by combining the separation efficiency in Table 1and 2, and it shows the 
separation efficiency of reducing inner wall height is generally higher than the one of changing the path 
height. What’s more, the conclusion the total pressure recovery of reducing inner wall height is obvious 
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higher than the one of changing the path height could be summarized by Fig. 6, which is drawn by 
combined the total pressure recovery in Table 1 and 2. 
 
  
Fig. 5. Summary of the separation efficiency of all the models        Fig. 6. Summary of the total pressure loss of all the models  
4.3. The IPS properties with changing the entrance size and the sand entrance speed  
Study of the IPS properties with changing the entrance size and the sand entrance speed is shown in 
Table 3. Differences of models 301, 302 and 300 is the entrance size (diameter of 77cm extended to 91cm) 
to change the inlet flow rate, and the only difference between 301 and 302 is the entrance speed of sand. 
Table 3 shows that changes of the entrance size only have impact on the inlet flow rate, and with the sand 
inlet velocity increasing, separation efficiency of AC-fine / AC-coarse will descend while have little 
impact on the total pressure recovery. 
Table 3. Study of the IPS properties with changing the entrance size and the sand entrance speed 
model inlet flow 
rate (kg/s) 
sand inlet 
velocity (m/s) 
separation 
efficiency (fine) 
total pressure 
recovery (fine) 
separation 
efficiency (coarse) 
total pressure 
recovery (coarse) 
300 5.72 20 92.6% 95.0% 89.8% 96.3% 
301 6.60 60 85.6% 96.5% 77.4% 96.5% 
302 6.60 20 91.1% 96.5% 88.6% 96.5% 
5. Conclusion 
This paper firstly verified the numerical method is feasible by reference, then studied the multivariant 
performance and the flow path design of IPS. 
1) Reducing the inner wall causes the separation efficiency losses and total pressure recovery increases. 
And when the flow path changes is easer, separation efficiency of AC-coarse is lower. 
2) Reducing the channel height causes the separation efficiency losses and total pressure recovery 
increases. And when the height is lower, the separation efficiency difference between the two kinds of 
sand is larger. 
3) The separation efficiency of reducing inner wall height is generally higher than the one of changing 
the path height, and the total pressure recovery of reducing inner wall height is obvious higher than the 
one of changing the path height. 
748  Ren Chaoqi et al. / Procedia Engineering 24 (2011) 743 – 7486 Ren Chaoqi/ Procedia Engineering 00 (2011) 000–000 
4) Changes of the entrance size only have impact on the inlet flow rate, and with the sand inlet velocity 
increasing, separation efficiency of AC-fine / AC-coarse will descend while have little impact on the total 
pressure recovery. 
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